Background: The prognostic value of blood culture testing in the diagnosis of bacteremia is limited by contamination. Objectives: In this multicenter study, the aim was to evaluate the contamination rates of blood cultures as well as the parameters that affect the culture results. Materials and Methods: Sample collection practices and culture data obtained from 16 university/research hospitals were retrospectively evaluated. A total of 214,340 blood samples from 43,254 patients admitted to the centers in 2013 were included in this study. The blood culture results were evaluated based on the three phases of laboratory testing: the pre-analytic, the analytic, and the post-analytic phase. Results: Blood samples were obtained from the patients through either the peripheral venous route (64%) or an intravascular catheter (36%). Povidone-iodine (60%) or alcohol (40%) was applied to disinfect the skin. Of the 16 centers, 62.5% have no dedicated phlebotomy team, 68.7% employed a blood culture system, 86.7% conducted additional studies with pediatric bottles, and 43.7% with anaerobic bottles. One center maintained a blood culture quality control study. The average growth rate in the bottles of blood cultures during the defined period (1259 -26,400/year) was 32.3%. Of the growing microorganisms, 67% were causative agents, while 33% were contaminants. The contamination rates of the centers ranged from 1% to 17%. The average growth time for the causative bacteria was 21.4 hours, while it was 36.3 hours for the contaminant bacteria. The most commonly isolated pathogens were Escherichia coli (22.45%) and coagulase-negative staphylococci (CoNS) (20.11%). Further, the most frequently identified contaminant bacteria were CoNS (44.04%). Conclusions: The high contamination rates were remarkable in this study. We suggest that the hospitals' staff should be better trained in blood sample collection and processing. Sterile glove usage, alcohol usage for disinfection, the presence of a phlebotomy team, and quality control studies may all contribute to decreasing the contamination rates. Health policy makers should therefore provide the necessary financial support to obtain the required materials and equipment.
Background
Bacteremia is a common cause of morbidity and mortality in hospitalized patients (1) . The early and accurate identification of the causative organism is therefore necessary for patient survival. The blood culture test is considered to be the "gold standard" in the diagnosis and treatment of bacteremia. However, the prognostic value of blood culture testing is limited by contamination (2, 3) . A blood culture contaminant is defined as a microorganism isolated from a blood culture that was introduced into the culture during either specimen collection or processing and that was not pathogenic for the patient from whom the blood was collected (2) .
The most common contaminant microorganisms are coagulase-negative staphylococci and other skin flora species such as Viridans streptococci, Corynebacterium species other than C. jekieum, Bacillus species, and Propionibacterium acnes (4) . The Standards of the American Society for Microbiology and the Clinical and Laboratory Standards Institute (CLSI) state that acceptable contamination rates should be no higher than 2 to 3% (5, 6) . Patients with contaminated blood cultures often receive unnecessary antibiotics, and additional laboratory tests are needed to determine the cause of the positive blood culture test. Contaminated blood cultures also lead to an increased length of hospital stay, increased costs, increased work load, and the unnecessary removal of central intravenous lines (7, 8) .
High quality blood culture results are dependent on evaluation during the three phases of laboratory testing: the pre-analytic, the analytic, and the post-analytic phase. Recently, the use of sensitive automated blood culture systems with rich culture media has led to increased contamination rates (2, 9, 10).
Objectives
In this multicenter study, we aimed to evaluate the contamination rates of blood cultures, as well as the primary parameters affecting the culture results, throughout the entire process from the collection of the blood culture to the interpretation of the results in different tertiary care hospitals in Turkey.
Materials and Methods
In this study, sample collection practices and culture data obtained from 16 university/research hospitals were retrospectively analyzed in 2013. A total of 214,340 blood samples collected from 43,254 patients who were admitted to the centers in 2013 were included in the analysis. (Figure 1) .
The blood culture bottles were incubated in BactecTM BD 9120 and 9240 (Becton Dickinson, MD, USA), BacT/ALERT (bioMerieux, Durham, NC, USA), and VERSATEK blood culture (TREK Diagnostic Systems, Cleveland, Ohio) systems at 37°C for 7 -10 days. After growth, the culture samples were inoculated onto 5% sheep blood agar (Oxoid Ltd., Basingstoke, UK) and the plate was incubated at 36.8°C for 18 -24 hours. Isolate identification was performed using the BD PhoenixTM 100 (Becton Dickinson, MD, USA) and VITEK 2 (bioMérieux, Marcy l'Etoile, France) fully automated microbiology systems and conventional methods. The blood culture results were evaluated based on the three phases of laboratory testing: the pre-analytic, the analytic, and the post-analytic phase. The evaluated parameters included patient variables, specimen variables, collection, handling, and processing in the pre-analytic phase; the performance of selected laboratory tests in the analytic phase; and test reporting variables, recording, reporting, and interpreting in the post-analytic phase (9).
Results

Pre-Analytic Phase Evaluation
The blood samples from the patients were obtained through either the peripheral venous route (64%) or an intravascular catheter (36%). Povidone-iodine (60%) or alcohol (40%) was applied to disinfect the skin prior to blood sampling (Table 1) .
Across all the centers, our analysis reveals that 62.5% of them do not have a dedicated phlebotomy team; in 93.7% of them blood is drawn while wearing gloves; 73.3% of them cleanse the bottle stoppers; and the term set is recognized as aerobic bottles obtained from two different arms (80%) or one aerobic bottle plus one anaerobic bottle both obtained from the same arm (20%) ( Table 1 ).
Analytic Phase Evaluation
We determined that 68.7% of the centers employed the BacT/ALERT (bioMérieux, Durham, NC, USA) blood culture system. Further, 86.7% of the centers conducted additional studies with pediatric bottles, 43.7% with anaerobic bottles, and 66.6% with fungal bottles. All of the laboratories have established critical value reporting, although only one (7.1%) of them maintains a blood culture quality control study.
Post-Analytic Phase Evaluation
Some 40% of the centers recorded the point of time at which the relevant device gave the initial growth signal; 80% of the centers carried out Gram staining upon the detection of a signal, while 80% did not perform Gram staining for the bottles with no recorded signal. As a result of the assessments, the average growth rate in blood culture bottles sent for testing during the defined period (1259 -26400/year) was calculated to be 32.3%. Out of the growing microorganisms, 67% were described as causative agents, while 33% were referred to as contaminants. The contamination rates reported by the centers ranged from 1% to 17%. The average growth time for the bacteria that were accepted as causative agents was 21.4 hours, while it took an average of 36.3 hours for contaminant bacteria to grow ( Table 1) .
The most common pathogens that grew in the blood cultures were identified as, in decreasing order, Escherichia coli (22.45%), coagulase-negative Staphylococci CoNS (20.11%), Enterococci spp. (9.41%), Klebsiella spp. (9.18%), Staphylococcus aureus (7.87%), Pseudomonas aeruginosa (7.46%), Acinetobacter baumannii (6.44%), methicillin-resistant coagulasenegative Staphylococci (5.88%), and other members of the Enterobacteriaceae family (5.20%) ( Table 2 ). The most frequently identified contaminant bacteria were CoNS (44.04%), Diphtheroid bacilli (32.13%), Streptococcus spp. (6.81%), and others (17.03%).
The opinion of the physician, the number of positive blood culture bottles, and any inflammation marker levels (such as white blood cell count, procalcitonin, and CRP) were all considered when determining whether a particular bacterial growth represented a causative agent or a contamination in all of the centers. The average growth time for contaminant agents, h 36.3
Route of BC collection
Intravenous catheter 36
Peripheral venipuncture 64
Hospital classification
University hospital 56.3
Training and research hospital 43.7
Hospitals with ≥ 500 beds 56.25
Report of growing signal time to clinicians 40
Overall rate of glove usage in the centers 93.75
Number of bottles for diagnosis ( ≥ 2)
77.8
Using conventional identification methods
28.6
Quality control application 7.1 
Sample rejection criteria
Discussion
Bloodstream infections are a significant cause of mortality and morbidity in any hospital setting. The reported mortality rate worldwide due to bloodstream infections is between 30% and 55% (11) (12) (13) (14) . Increasing the reliability of blood culture results and reducing contamination rates are both related to the pre-analytic, analytic, and postanalytic phases of laboratory testing (15) (16) (17) . Of the three phases, the most errors occur during the pre-analytic phase, and most such errors are related to specimen collection, specimen handling, and patient variables (18) .
According to the literature, the collection of specimens from intravenous catheters is associated with higher blood culture contamination rates (19) . Using a direct venous puncture to a peripheral vein is therefore recommended for obtaining higher specificity and positive predictive power (19) . In a systematic review, venous puncture was suggested as the most appropriate method to decrease blood culture contamination (4). In the current study, of all the blood culture samples, 64% were collected from peripheral venous blood, while 36% were collected from intravascular catheters. The collection of specimens from intravenous catheters may hence be the reason for our high contamination rates.
In the present study, povidone-iodine (60%) and alcohol (40%) were used for skin disinfection prior to blood collection. It has been reported that alcohol is superior to products without alcohol when it comes to skin disinfection prior to blood collection due to alcohol's quick drying time (20, 21) . Many researchers have stated that alcohol alone is sufficient, since it is more cost-effective and time-effective than isopropyl alcohol in combination with povidone-iodine (19) (20) (21) . Our high contamination rates may be related to the reference for using povidone-iodine in the centers. It is suggested to be necessary to wait at least 3 minutes after the application of povidone-iodine for the emergence of an antiseptic effect. The contamination rates may therefore be due to an unwillingness to comply with the waiting period. Mimoz et al. indicated that chlorhexidine reduced the incidence of blood culture contamination more than povidone-iodine. They suggested that skin preparation using alcoholic chlorhexidine was more efficacious in reducing the contamination of blood cultures than skin preparation using aqueous povidone-iodine (22) . Based on our findings, it is suggested that the use of alcohol should be increased in our hospital setting. On the other hand, our study indicated that the ratio of wearing gloves and decontaminating the blood culture bottles prior to use were lower in our centers. Blood culture bottle tops may be nonsterile even if they are covered with a lid, since the sterility of the top varies by manufacturer. Although Bekeris et al. found no correlation between blood culture contamination and the cleaning of culture bottle tops (23) , the clinical laboratory standards institute recommends that culture bottle tops be cleaned with 70% isopropyl alcohol (6) . Based on our results, it is concluded that routine sterile gloving may decrease blood culture contamination and that cleaning culture bottle tops may also decrease the contamination rates. In the current study, the blood samples were collected by nurses, doctors, and interns. This was necessary because some 62.5% of the centers included in this study had no phlebotomy team. Blood culture contamination is lower when experienced and specialized staff collect the blood samples and so a dedicated phlebotomy team should ideally draw the blood samples for culture (15) (16) (17) (18) (19) .
Various sensitive blood culture systems and blood culture bottles were used in the Turkish centers. The use of sensitive automated blood culture systems with rich culture media has led to increased contamination rates. In the literature, the most common organisms that indicate a contaminated specimen were CoNS, Propionibacterium spp., Micrococcus spp., coryneform-type bacilli, Lactobacillus spp., Bacillus spp., and Viridans streptococci (4) . The most common contaminant bacteria in the present study were coagulase-negative Staphylococcus sp., coryneform-type bacilli, and Streptococcus sp., which is similar to findings in the literature. In addition, only one of the units included in our study had a blood culture quality control study. This data revealed the need to seriously reconsider the applications of blood cultures during the laboratory stage.
In our study, the mean detection time for bacteria considered to be a causative microorganism was 21.4 hours, while for contaminants it was 36.3 hours. Both the literature and the data obtained in our study showed that clinically significant isolates were related to a shorter detection time (15) . Therefore, the detection time should serve as an important guiding factor in the determination of contaminants and causative agents.
Conclusion
Improving blood collection techniques, establishing a phlebotomy team, encouraging venous sampling, and taking more than one blood culture sample can all contribute to reducing the rate of contamination during the pre-analytical phase. It will be appropriate to record time-to-detection values of the blood cultures as well as the number of bottles and detected blood-borne pathogen. During the post-analytical phase, the clinical findings concerning the patients, the number of positive blood culture bottles, and any inflammation markers (i.e., white blood cell count, procalcitonin, and CRP levels) play an important role in determining whether the isolated bacteria is a causative agent or a contaminant. 
